Abstract -This study aimed to determine the factors affecting plankton structure along a salinity gradient during the summer in high-altitude endorheic lakes in Catamarca Province (Argentina). During the summer 2013, eight lakes located between 3000 and 4300 meters above sea level were sampled in a 6-day period being analysed plankton, limnological variables and flamingo abundance. Principal Component Analysis explained 80% of the system variability, permitting lakes to be ordered by salinity: subhaline (SH), hypohaline (HH) and mesohaline (MH). A total of 101 phytoplankton taxa were registered, having Bacillariophyceae the highest richness (43 species registered). HH lakes were dominated by Bacillariophyceae (between 65 and 100%), while Chlorophyceae and Euglenophyceae were more abundant in SH and MH lakes. Zooplankton was poorly represented in richness (only 21 species were registered). MH lakes were dominated by Copepoda ( > 85% of total abundance) and HH lakes by Rotifera ( > 51% of total abundance). It was not found a clear pattern in SH lakes. The redundancy analysis explained 70.7% of phytoplankton variability and 75.7% of zooplankton variability. Bacillariophyceae presence was associated with availability of dissolved silica (Si), while Euglenophyceae and Chlorophyceae were associated with a higher nitrogen:phosphorus ratio. Cladocera and Copepoda abundance were linked to Euglenophyceae abundance and the area of lakes while Rotifera displayed a positive relation with the concentration of dissolved organic matter. We conclude that both phytoplankton and zooplankton abundance are mainly controlled by Bottom-Up forces including dissolved Si for Bacillariophyceae, and availability of Euglenophyceae for zooplankton while salinity and altitude have an effect on plankton richness distribution.
Introduction
In recent decades, high-altitude lakes have been impacted by several human activities, such as changes in land use and mining which cause nutrient enrichment, organic pollution and an increased heavy metal load (Tolotti et al., 2006) . In the same period, high mountain lakes have gained importance as biodiversity reserves and as freshwater resources (Locascio de Mitrovic et al., 2005) . Despite the fact that only one-tenth of humanity lives in mountain areas these lakes provide water to a much larger percentage of human population. In the future, the importance of this resource may increase further considering the evidence for climate change and the predicted effects on precipitation patterns in large parts of the world (Meehl et al., 2005) .
In this scenario, high-altitude lakes tend to become salt lakes since low rate of rainfalls and a high rate of evaporation take place in these environments, and determine saline accumulation (Hammer, 1986; Drago and Quiro´s, 1996) . The formation of salt lakes is also favoured in endorheic drainage basins that are located in semi-arid and sub-humid climates where evaporation exceeds precipitation (Williams et al., 1990) . Hammer (1986) classified lakes according to their salinity: subhaline (SH; 0.5-3 g.L x1 ), hypohaline (HH; 3-20 g.L x1 ), mesohaline (MH; 20-50 g.L x1 ) and hyperhaline (> 50 g.L x1 ). Saline lakes occur widely across all continents, including Antarctica and are often dominant landscape features, catching approximately 80% (85 r 10 3 km 3 ) of total inland water (Williams, 2002) .
Due to the extreme environmental conditions (low temperature, strong irradiance and scarce nutrients), highaltitude lakes tend to have simple food webs and react more rapidly and more sensitively to environmental changes than other lakes (Psenner, 2002) . In salt lakes where plankton is adapted to high ionic concentrations, factors such as habitat stability, predation and resource availability could be more important in the structuration of this community (Timms, 1993; Cooper and Wissel, 2012) .
Historically, high-altitude salt lakes have received less attention than other kind of water systems. This is likely linked to the difficulty obtaining samples, the variety of morphological and hydrological characteristics, the complexity of the geology, and the variety of basins and their water bodies (Williams et al., 1990; Á lvarez Blanco et al., 2011) . The understanding of plankton in high-altitude lakes, provides us an insight into the ecology of these water systems, and could be used in the future, for the conservation and management of these valuable and climatically sensitive environments (Tolotti et al., 2006) . In South America, where these lakes are mainly distributed to high altitudes, studies related to plankton ecology are scarce and mostly describe its composition (Locascio de Mitrovic et al., 2005; Seeligmann et al., 2008; Maidana et al., 2009; Mirande and Traccana, 2009; Á lvarez Blanco et al., 2011) with some exceptions like Rejas et al. (2012) who demonstrate the importance of nutrient limitation for high-altitude phytoplankton assemblages in an experiment. These studies are important contribution to the description of the Flora and Fauna of this area, but they do not provide information about the factors which regulate plankton abundance and species richness, or even if those regulating factors are the same than freshwater water bodies of lowland areas.
In freshwater environments, factors such as nutrient availability, especially nitrogen (N) and phosphorus (P) and zooplankton-fish interaction are widely recognized as controlling factors of plankton composition and abundance. In high-altitude salt lakes, other variables such as silica (Si) concentration, dissolved organic matter (DOM) availability and bird filter-feeding activity could be other important regulating factors that have not been explored yet. Based on this knowledge, we aimed to analyse those factors that control plankton richness and abundance in a salinity gradient in high-altitude lakes in Northwestern Argentina. We predict that altitude and salinity determine what species can survive in these environments, being abundance mainly regulated by Bottom-Up and TopDown forces.
Material and methods

Study area
We surveyed lakes located between latitudes 25x0k0kk and 28x0k0kk south, and longitudes 67x0k0kk and 69x0k0kk west, which display a predominant volcanic morphology and are located between 3000 and 4300 meters above sea level (m.a.s.l.), with numerous cones and wide warehouses of lava and pyroclastic material. The climate is cold and dry, with temperatures below 0 xC most of the year and a rainfall rate lower than 150 mm.year x1 (Marconi, 2010) . Most of these lakes are shallow, commonly lower than 1 m depth, and tend to become partially or completely frozen during winter (Boyle et al., 2004) . All of them belong to endorheic basins where water comes mainly from melt water infiltration of the surrounding mountains, leaving the drainage system only by evaporation. There are no fish, and aquatic vegetation is rare to non-existent. The most conspicuous fauna in these lakes are three species of flamingo (Phoenicoparrus andinus (Philippi), Phoenicoparrus jamesi (Sclater) and Phoenicopterus chilensis (Molina)) which live in this area during the summer season and are the main predators of plankton in these environments (Mascitti and Kravett, 2002) .
Samplings and laboratory analyses
In a period of six consecutive days (from February 2 to 7, 2013) eight lakes with an average depth of 0.11 ¡ 0.5 m were sampled: Grande, Archibarca, Purulla, Las Pen˜as, Antofagasta, Alumbrera, San Francisco and Cortaderas (Fig. 1) . Two replicas were taken at lakes with an estimated area < 50 ha, while four replicas were taken at lakes with an area i 50 ha, accounting for a total of 24 samples for phytoplankton and 24 samples for zooplankton density estimation. Density values of each lake were expressed as the mean value accompanied by its variation coefficient (CV) expressed as a percentage. F. Diego et al.: Ann. Limnol. -Int. J. Lim. 51 (2015) 261-272 262 For the limnological analyses the measurements made in situ included: temperature (xC), pH, dissolved oxygen (DO in mg.L x1 ) and conductivity (mS.cm x1 ) with the use of HANNA multi-parametric meters, transparency with a Secchi disc (m) and altitude (m.a.s.l.) using an altimeter. Altitude was used as an indicator of ultraviolet (UV) radiation which certainly can affect plankton species composition. The area of lakes was estimated using the method proposed by Dangaus (1976) and the salinity was estimated from conductivity (Conzonno, 2009 ) and total nitrogen (TN) were acidified to a pH less than 2 with concentrated sulphuric acid. Samples for soluble reactive phosphorus (SRP) were preserved by adding 5 mg.L x1 of HgCl 2 . Samples for total phosphorus (TP) and samples for total organic carbon (TOC) were acidified to a pH less than 2 with concentrated hydrochloric acid and concentrated phosphoric acid, respectively. After chemical preservation, the samples were stored in cool and dark conditions before transportation to the laboratory and subsequent analysis. Samples for the analysis of dissolved Si and optical properties of the DOM were also collected and preserved in cold and darkness.
Acidified water samples were neutralized in the laboratory. Samples used for the determination of dissolved components were filtered through membrane filters (0.45 mm pore size) reserving a portion of unfiltered sample for determination of x + N-NO 2 x was estimated by reduction of N-NO 3
x with hydrazine sulphate and subsequent colorimetric determination of N-NO 2 x (Hilton and Rigg, 1983) , N-NH 4 + was determined by the indophenol blue method, SRP by the ascorbic acid method and Si by the molibdosilicate method. TP was estimated by digestion with potassium persulphate in acidic medium followed by determination of SRP and TN by digestion with potassium persulphate in alkaline medium followed by determination of N-NO 3 x + N-NO 2 x . The methodology proposed in APHA (1992) was followed for each case, and nutrient concentrations were expressed as mM. Dissolved inorganic nitrogen (DIN) was expressed as the sum of N-NO 3 x + N-NO 2 x + N-NH 4 + and was used to calculate the DIN:SRP ratio. The optical density of filtered samples was determined at 250 and 365 nm using quartz cuvettes with 1 cm path length. Absorption coefficients were determined from the optical density at each wavelength according to the method of Kirk (1994) :
where Al is the DOM absorption coefficient at wavelength l, Dl is the optical density at wavelength l, and r is the cuvette path length in m. A 250 and A 365 are measures of DOM concentration (Kieffer, 1981; Collier, 1987) , being A 250 more appropriate for DOM of low molecular weight (Stewart and Wetzel, 1981) . The ratio of A 250 to A 365 (E 2 :E 3 ), which increases as the molecular weight of DOM decreases (De Haan and De Boer, 1987), was then calculated. Finally, TOC analyses were made according to the international standard ISO:1999 8245.
Samples of phytoplankton were collected from the subsuperficial region using 100 mL bottles and then were immediately fixed with 1% acidified lugol solution. Quantitative sample analysis was carried out in accordance with the Utermo¨hl (1958) method and the density obtained was expressed as ind.mL x1 . For the estimation of zooplankton abundance, between 10 and 30 L of water, were filtered through a conventional conical plankton net (50 mm) with a collector and a 2 L bucket. The collected material was fixed in situ with 10% formalin and dyed with erythrosine. The counts of the micro-zooplankton (Rotifera and nauplii) were carried out with a conventional optical microscope, in chambers of the SedgwickRafter type with a capacity of 1 mL. Macro-zooplankton (Cladocera and Copepoda) counts were performed in a Borogov-type counting chamber with a 5 mL capacity. Density was expressed as ind.L x1 . Taxonomic identification was carried out reaching the minimum possible taxonomic level. Phytoplankton taxonomic identifications were based on Van den Hoek et al. (1995) . Taxonomic determinations were made following keys and specific bibliography of each algal group such as Krammer and Lange-Bertalot (1991), Zalocar de Domitrovic and Maidana (1997) for Bacillariophyceae, Tell and Conforti (1986) for Euglenophyceae, Koma´rek and Fott (1983) for Chlorophyceae and Anagnostidis (1999, 2005) for Cyanobacteria among other authors and recent revisions. Zooplankton taxonomic identifications were based on Ahlstrom (1940) , Koste (1978) , Korˇı´nek (1981 Korˇı´nek ( , 2002 , Korovchinsky (1992) and Alekseev (2002) among others. Each flamingo species (P. andinus, P. jamesi and P. chilensis) was separately counted using telescopes and binoculars (Marconi, 2010) .
Statistical analyses
Lake clusters were made using a principal component analysis (PCA) with all of the environmental and biological variables that were measured. Of the 23 environmental variables considered during this study, only those that presented an acceptable level of correlation with other variables (variance inflation factor, VIF < 20) were used for the analyses (Lepsˇand Sˇmilauer, 1998) . The resulting lake groups were named according to Hammer's salinity classification (Hammer, 1986) as HH, SH and MH lakes. Differences in total plankton abundance (phytoplankton and zooplankton) and by groups (Chlorophyceae, Euglenophyceae, Bacillariophyceae, Cryptophyceae, Cyanobacteria, Rotifera, Cladocera and Copepoda) were analysed using the Kruskal-Wallis (KW test) and Mann-Whitney tests (MW test) as a post hoc test to make comparisons between groups of lakes with a 95% confidence interval (a = 0.05). Differences in the composition of plankton species between lake types were examined using the similarity percentage analysis (SIMPER), comparing species density among lake groups, and using the Bray-Curtis method. This analysis was accompanied by a non-parametric multivariate analysis of variance (NPMANOVA) to elucidate if those differences found in the SIMPER analysis were statistically significant. Spearman correlations were made among the different environmental variables and phyto-zooplankton richness, respectively.
Redundancy analysis (RDA) was applied to find those variables with greater influence on plankton structure, since the Detrended Correspondence Analysis revealed that the gradient length of the response data was < 3 (Lepsˇand Sˇmilauer, 1998) . Again, only those variables that had an acceptable VIF value were considered in RDA analyses (Lepsˇand Sˇmilauer, 1998) . Phytoplankton and zooplankton density were used as separately response variables. The explanatory variables were physical-chemical variables, flamingo abundance (the three species separately), Rotifera density and microcrustacean (Cladocera + Copepoda) density for phytoplankton analysis, and physical-chemical variables, flamingo abundance and density of phytoplankton taxonomic groups for zooplankton analysis. All data were log-transformed to stabilize variance and to reduce the influence of dominant taxa on the arrangement, being the standardization carried out by error variance. Additionally, the significance of each variable and the combination of all canonical axes were determined using the Monte Carlo permutation testing (499 permutations). Statistical analyses were made using PAST 2.3 and CANOCO 4.5 software.
Results
Lakes ordination and environmental characterisation
PCA analysis showed that ten of the 23 variables were able to explain 80% of the total variance. The first axis explained 54% and the second 17%. The analysis revealed three main lake groups that corresponded to a salinity gradient (Fig. 2) . Alumbrera, Antofagasta and Cortaderas (SH lakes, 0.5-3 g.L x1 of salt) were primarily associated with high values of DIN:SRP, greater Secchi depth and higher mean temperature. The second group of lakes was formed by Purulla, San Francisco and Grande (HH lakes, 3-20 g.L x1 of salt) principally characterized by DOM of low molecular weight (high E 2 :E 3 ), higher Si concentration, DO and abundance of flamingos (P. andinus and P. jamesi). The third group was formed by Archibarca and Las Pen˜as (MH, 20-50 g.L x1 of salt), and was chiefly characterized by high TOC concentration, altitude and the abundance of P. chilensis individuals (especially in Las Pen˜as Lake). The different physicalchemical values for every single lake are shown in Table 1 .
Plankton composition and abundance between lake types
A total of 101 phytoplankton species were registered in all lakes sampled, being Bacillariophyceae the dominant group with 43 species, followed by Chlorophyceae with 34 species, Euglenophyceae (twelve species), Cyanobacteria (ten species) and Cryptophyceae (three species). Bacillariophyceae was dominant in HH lakes (>65% of total abundance). SH and MH lakes had a greater distribution of taxa and did not show a clear pattern of dominance by any group. Nonetheless, it is notable that Chlorophyceae and Euglenophyceae were far more abundant in these lakes than in HH lakes. Cyanobacteria and Cryptophyceae were not well represented in the lakes studied (Fig. 3(a) ).
SIMPER analysis demonstrated that differences in species composition between lake types were very important (> 90% of dissimilarity in all cases) and statistically significant (P < 0.05) ( Table 2 ). The group of SH lakes was largely characterized by Lepocinclis sp. (Euglenophyceae) and Oocystis elliptica (Stearn) (Chlorophyceae); the HH group by Bacillariophyceae, principally species of Navicula spp. and Surirella spp., while MH lakes were represented by Trachelomonas volvocina (Ehrenberg), Euglena acus (Mu¨ller) (Euglenophyceae) and Cryptomonas ovata (Ehrenberg) (Cryptophyceae) . Spearman correlations demonstrated that phytoplankton species richness was negatively associated with altitude (Rho = x0.58, P = 0.003) and positively linked with Secchi depth (Rho = 0.475, P= 0.019). The greatest phytoplankton abundance was registered in HH and MH lakes with mean values of 4226 ind.mL x1 (CV = 92) and 3131 ind.mL x1 (CV = 102), respectively. The lowest density was registered in SH lakes with an average of 683 ind.mL x1 (CV = 44) ( Fig. 3(a) ). The KW test indicated that these differences were statistically significant (Z= 7.493, P= 0.023), as were those found between the SH-HH and SH-MH groups (MW test, P = 0.034 and 0.008, respectively). The high coefficients of variation observed in HH and MH groups were mainly attributed to the high variability of phytoplankton abundance of Grande Lake and Archibarca Lake, respectively. Differences between lakes' groups were statistically significant for Bacillariophyceae (KW test, Z= 11.56, P= 0.003, MW test SH-HH, P = 0.008) and Euglenophyceae (KW test, Z = 15.49, P= 0.0004, MW test SH-HH P = 0.009 and MH-HH P = 0.002). The other groups of phytoplankton did not show statistically significant differences among groups (P> 0.05).
A total of 21 zooplankton species were registered among the different lakes sampled, being Rotifera the best represented in richness (ten species registered), and followed by Cladocera (six species) and Copepoda (five species). HH lakes were mainly dominated by Rotifera F. Diego et al.: Ann. Limnol. -Int. J. Lim. 51 (2015) [261] [262] [263] [264] [265] [266] [267] [268] [269] [270] [271] [272] (> 51% with the exception of two replicas), and the MH group was dominated by Copepoda (> 85% of total abundance). SH lakes did not demonstrate clearly dominant taxa (Fig. 4(a) ).
SIMPER analysis confirmed those differences found in the relative abundance of species among lakes, being these differences statistically significant and greater than 70% in all cases (Table 2 ). The SH lakes were characterized by the presence of Alona sp. (Cladocera), Lecane luna (Mu¨ller), L. closterocerca (Schmarda) (Rotifera) and Boeckella gracilis (Daday) (Copepoda). The HH lakes were mainly characterized by Cephalodella sp., Brachionus pteronioides (Rousselt), B. plicatilis (Mu¨ller) (Rotifera) and a no identified Harpacticoidea Copepoda species (Copepoda), while the MH group was mainly defined by Boeckella poopoensis (Marsh) (Copepoda). Spearman correlations showed that zooplankton richness was negatively linked with salt concentration (Rho = x 0.491 P = 0.015) and altitude (x0.624 P = 0.001), but positively correlated with phytoplankton richness (Rho= 0.584 P = 0.003).
The greatest abundance of zooplankton was found in MH lakes with an average value 975 ind.L x1 (CV = 121), whereas SH and HH lakes registered 69 ind.L x1 (CV = 85) and 15 ind.L x1 (CV = 186), respectively. The dispersion of data observed in MH is attributable to the high density values obtained in Archibarca. The differences in zooplankton abundance between lake types were statistically significant (KW test, Z = 10.99, P = 0.004) between SH-HH (MW test, P = 0.023) and SH-MH lakes (MW test, P= 0.008) (Fig. 4(b) ). These differences were statistically significant for all groups of zooplankton considered. Rotifera (KW test, Z = 8.52, P = 0.014) showed differences between SH-MH (MW test, P = 0.022) and HH-MH (MW test, P = 0.006). Differences for Copepoda and Cladocera abundance, were also statistically significant (KW test, Z = 10.43, P = 0.005 and Z = 11.93, P = 0.0026, respectively) between SH-MH and HH-MH lakes for Copepoda (MW test, P = 0.020 and 0.0074, respectively) and between SH-HH and HH-MH lakes for Cladocera (MW test, P= 0.0002 and 0.017, respectively). Factors controlling plankton abundance RDA analyses demonstrated that both phytoplankton and zooplankton abundance were arranged according to a gradient of environmental variables. As for phytoplankton, RDA analysis allowed to explain 70.7% (F = 3.141, P = 0.002) of total variance. The first axis explained 57.4% of that total variance, and discriminated HH lakes of the rest of lakes (SH and MH lakes) (Fig. 5(a) ). The second axis explained 19.6%. Phytoplankton structure was significantly explained by two variables: Si (F= 9.885, P = 0.002) and DIN:SRP (F = 3.794, P = 0.012). The other variables included in the analyses did not show any correlation to phytoplankton abundance (P > 0.05). Bacillariophyceae, the most abundant group, was positively associated with Si in HH lakes; and negatively associated with increasing values of DIN:SRP. On the other hand, Euglenophyceae and Chlorophyceae were positively associated with DIN:SRP (Fig. 5(a) ).
The RDA for zooplankton explained the 75.7% (F = 2.849, P = 0.016) of total variance, with the first axis explaining 70.8% of that total variance and the second 22.2%. Two variables were responsible of the high percentage of explanation obtained: Euglenophyceae (F = 8.084, P = 0.002) and lake area (F = 7.619, P = 0.004). The rest of variables used in the analysis were not statistically significant (P> 0.05). Cladocera and Copepoda were positively associated with the abundance of Euglenophyceae in MH lakes. Both microcrustaceans, however, were negatively associated with the lake area. On the other hand, Rotifera showed a positive association with A 250 ; not being this association statistically significant (F = 0.901, P = 0.398) (Fig 5(b) ).
Discussion Salinity and altitude as controlling factors of plankton composition
The presence of a population in a habitat is linked with a complex combination of factors which, if the tolerance limits for a factor are exceeded, then may result in the exclusion of several species (Hammer et al., 1983) . In our study, zooplankton species richness demonstrated to be negatively related to salinity (Rho = x 0.491, P = 0.015), a pattern that has been widely descripted by previous authors (Timms, 1993; Cooper and Wissel, 2012) , since a few number of species are able to tolerate an increase in salt concentration. The presence of the genera Brachionus, Cephalodella and Boeckella in HH and MH lakes is consistent with previous founding, since these genera are greatly adapted to high salt concentrations (Derry et al., 2003; Battauz et al., 2013) . Phytoplankton species richness, however, did not show a clear association with salinity (Rho= x0.350, P = 0.092) as was expected. In HH lakes, phytoplankton was mainly dominated by Bacillariophyceae with the genera Navicula and Surirella as dominant. Saros and Fritz (2000) indicate that moderate levels of ions in water can favour nutrient up take and frustule production in several diatom species, being the physiological mechanisms yet underterminated. MH lakes, which were in fact, the lakes with higher concentration of salt, were mainly dominated by euglenoids such as E. acus and T. volvocina. The presence of euglenoids in MH lakes have been reported by other authors (Hammer et al., 1983; Padisa´k and Dokulil, 1994; Mirande and Traccana, 2009) indicating that many algal species of Euglenophyceae could be euryhaline or have a broad salinity tolerance. Similarly, both zooplankton and phytoplankton richness demonstrated to be negatively related to altitude (Rho = x0.624, P = 0.001 and Rho = x0.582, P = 0.003, respectively). Despite the fact that we have not measure radiation, it is a fact that UV radiation increases with altitude, and this has a negative effect on plankton, causing significant inhibition of phytoplankton photosynthesis and affecting negatively the activity, growth and survival of zooplanktonic organisms (Sommaruga, 2001) . In accordance to this, in those lakes with higher altitude, B. poopoensis (a calanoid copepod species which is highly red pigmented when inhabits areas with high UV radiation exposure) presented the highest abundance. With respect to phytoplankton, it was not found a clear explanation of why species richness was negatively associated with altitude. Studies made in the Alps, have demonstrated that flagellate species like found in this study (euglenoids and cryptophytes), occupy the deepest water layers during the daytime to prevent photo-oxidation by an excessive UV radiation exposure (Sommaruga, 2001 ). In our study, euglenoids and cryptophytes were dominant in the assemblage of those lakes with higher altitude and depth, but depth of these lakes cannot be compared with found in the Alp lakes. By this reason, specific efforts should be made in the future to clarify the pattern observed in these lakes.
Controlling factors of plankton abundance in the salinity gradient
Our results indicated that both groups of plankton were mainly influenced by Bottom-Up forces. With respect to phytoplankton, we observed that DIN:SRP and TN:TP ratios were low in comparison with those frequently observed in lowland shallow lakes, where higher quantities of organic matter are available for its degradation and subsequent nutrients liberation into the water column (Morales Baquero et al., 1999; Schelske et al., 1999) . In addition, both nutrient ratios were below 1:16 (except TN:TP in Antofagasta Lake) which would suggest a N limitation for phytoplankton (Redfield et al., 1963) . Zooplankton and flamingos did not display an effect on phytoplankton abundance (absence of Top-Down effects). With respect to zooplankton, as we will see below, it also demonstrated to be mainly controlled by resource availability (DOM and phytoplankton); not being predation by P. chilensis an important descriptor of the arrangement.
The absence of Top-Down effects and predominance of Bottom-Up forces in saline water systems, have been experimentally proved by Salms et al. (2009) in the US saline lakes and Rejas et al. (2012) in Bolivia (South America), being this study a field evidence of the relevance of Bottom-Up as a main structuring factors of plankton abundance in these extreme environments.
SH lakes presented the lowest phytoplankton density values, but they had the widest representation of phytoplankton groups. This pattern may be associated with less extreme conditions which these lakes presented, since they had the lowest salt concentration (1.40¡ 0.72 g.L x1 ), the lowest altitude (with exception of Cortaderas Lake) and the highest ratios of DIN:SRP and TN:TP (1.20¡ 0.42 and 8.27 ¡ 8.46, respectively). According to Williams (2002) , these lakes are considered freshwater lakes, an in our study, they were associated with a predominance in abundance of Chlorophyceae and Euglenophyceae (see Fig. 3(b) ), two groups which are frequently found in freshwater lakes in lowland areas during the warm season (Garcı´a de Emiliani, 1997; Stevict et al., 2013) .
The association of microcrustaceans to SH lakes with high abundance of Chlorophyceae and Euglenophyceae suggests that predation by zooplankton is not a relevant factor for phytoplankton abundance in these water systems. Microcrustaceans were poorly represented in abundance, but they could have an effect on phytoplankton biovolume, which was not considered in our study. In terms of quantity, however, their positive correlation with Chlorophyceae and Euglenophyceae, indicates that these algae were controlling the abundance of microcrustaceans.
With respect to zooplankton, Rotifera was the group best represented in SH lakes where high DOM concentrations were obtained. DOM is frequently associated with high bacteria production (Kritzberg et al., 2004) , which could be a key source of food for rotifers (Arndt, 1993) . Moreover, a high DOM concentration may attenuate the effects of UV radiation, especially in transparent lakes, such as was the case, probably favouring Rotifera (Laurion et al., 2000) . Further specific studies will allow us to discriminate the importance of DOM concentration in Rotifera distribution in these kinds of lakes.
HH lakes had the highest total phytoplankton abundance, mainly Bacillariophyceae (diatoms), which were highly correlated with Si concentration. Diatoms are dependent on Si for their frustule production as we said, and moreover, a moderate salt concentration could favour Si uptake (Saros et al., op cit.) . The low DIN:Si ratios found, suggest that diatoms would be limited by N availability but not by Si in these water bodies (Redfield et al., op. cit.) . In addition, the negative relation found between diatoms abundance and DIN:SRP is consistent with the high abundance of Bacillariophyceae registered in these lakes, since in general, algae consume 16 mole of N per mole of P, and this would make lower the ratio in those lakes with high phytoplankton density. Flamingos, especially P. jamesi and P. andinus mainly feed on Bacillariophyceae, and were abundant in HH lakes, especially in Grande Lake (Mascitti and Kravett, 2002) . Our results, however, did not indicate the birds' filter-feeding activity was important descriptors of phytoplankton abundance. This effect however, could be more local and having a restricted measurable effect.
With respect to zooplankton, it was poorly represented in HH lakes only demonstrating a negative association with lakes' area. In this respect, some hypothesis should be tested: low-density values could be related to low food availability (mainly diatoms which could pass the gut without being affected) or an effect of bird predation which should be tested specifically with an experimental design.
Finally, in MH lakes the high Si concentration (see Table 1 ) was correlated with a high density of Bacillariophyceae and Euglenophyceae. The co-dominance of Euglenophyceae-Bacillariophyceae in these saline environments could be explained by the resistance of both algae groups to high salt concentrations (Padisa´k and Dokulil, 1994; Mirande and Traccana, 2009) , and a greater nutrient availability observed. Copepoda and especially the calanoid B. poopoensis was dominant in MH lakes (between 477 and 1293 ind.L x1 ). This species can survive in environments where salinity ranges from 1 to 90 g.L x1 , and flourishes between 45 and 90 g.L
x1
(De los Rı´os and Crespo, 2004) which is consistent with salinity values found in these lakes. Some cladoceran taxa were also present in these lakes, but at low densities, corroborating similar findings in previous studies (Timms, 1993; Echaniz et al., 2006) . The high and positive correlation between Copepoda and Euglenophyceae also suggests that Bottom-Up forces were the major factors which were controlling B. poopoensis abundance in these lakes.
Conclusions
Our results indicate that salinity and altitude are important stressors for plankton richness, controlling by the way, which species can survive in such extreme locations. Plankton abundance seems to be controlled by BottomUp forces, not being predation a relevant factor for any group of plankton.
